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Committee on Earth Observation Satellites (CEOS):
Remote Sensing Education and Developing Countries
Leslie Charles
Abstract
The Committee on Earth Observation Satellites (CEOS) is an international organization
which coordinates space-based Earth observations world wide.  Created in 1984, CEOS now
comprises 38 national space agencies, regional organizations and international space-related
and research groups.  The aim of CEOS is to achieve international coordination in the planning
of satellite missions for Earth observation and to maximize the utilization of data from these
missions world-wide.  A major effort now underway in CEOS in conjunction with researchers and
other users is a coordinated attempt to better integrate requirements of the user community with
the planning of the data providers.  The ultimate goal is to minimize the gaps and avoid unnec-
essary overlaps with an integrated global observing strategy.  In addition, as the private sector
develops, CEOS wants to consider how best to address areas of potential common interest
between the governmental and non-governmental sectors in Earth observation from space.
With regard to developing countries, the fundamental aim of CEOS is to encourage the
creation and maintenance of indigenous capability that is integrated into the local decision-
making process, thereby enabling developing countries to obtain the maximum benefit from
Earth observation.  Obtaining adequate access to remote sensing information is difficult for
developing countries and students and teachers alike.  High unit data prices, the specialized
nature of the technology, difficulty in locating specific data, complexities of copyright provisions,
emphasis on “leading edge” technology and research, and the lack of training materials relating
to readily understood application are frequently noted obstacles.
CEOS has developed an education CD-ROM which is aimed at increasing the integra-
tion of space-based data into school curricula; meeting the heretofore unsatisfied needs of
developing countries for information about Earth observation application, data sources and
future plans; and raising awareness around the world of the value of Earth observation data
from space.  The CD-ROM is designed to be used with an Internet web browser, increasing the
information available to the use, and it can also be used on a stand-alone machine.  It contains
suggested lesson plans and additional resources for educators and users in developing coun-
tries.
Introduction
CEOS Overview
CEOS is now recognized as the main international forum for the coordination of Earth observa-
tion satellite programs and for interaction of the space agencies with users worldwide.  CEOS
has three primary objectives:
• To optimize the benefits of spaceborne Earth observations through cooperation of its Mem-
bers in mission planning and in the development of compatible data products, formats,
services, applications, and policies;
• To aid both its Members and the international user community by, inter alia, serving as the
focal point for international coordination of space-related Earth observation activities, includ-
ing those related to global change;
• To exchange policy and technical information to encourage complementarity and compatibil-
ity among spaceborne Earth observation systems currently in service or development, and
the data received from them; issues of common interest across the spectrum of Earth
observation satellite missions will be addressed.
Individual participating agencies of CEOS use their best efforts to implement CEOS recommen-
dations in their respective Earth observation programs.
Since its inception, CEOS membership has grown to encompass all the world’s civil agencies
responsible for Earth observation satellite programs, along with agencies that receive and
process data acquired remotely from space.  Several international user organizations, such as
the World Climate Research Program and the United Nations Environment Program, have
Affiliate status.  Governmental organizations that are international or national in nature and have
significant ground segment activity can apply to participate as Observers.
Structure
The work of CEOS encompasses all the activities required for proper international coordination
of Earth observation programs and maximum utilization of their data.  It ranges from the devel-
opment of detailed technical standards for data product exchange to the establishment of high
level international principles on common data policies for different application areas, such as
global climate change and environmental monitoring.
At the highest level within CEOS, the Plenary session meets once per year and brings together
all Member, Affiliate and Observer agencies.  The Plenary provides with a valuable forum to
exchange information on relevant national/regional plans and activities, to discuss the impact of
relevant developments worldwide, and to review progress on the various projects and activities
being undertaken within the CEOS working groups and task forces.
There are currently two standing working groups:
1. The Working Group on Information Systems and Services (WGISS), with the specific goals:
• to enable Earth observation data and information services to be more accessible and
useable to data providers and data users world-wide through international coordination;
• to enhance the complementarity, interoperability and standardization of Earth observation
data and information management and services;
• to foster easier exchange of Earth observation data and information through networks and
other means, to meet the requirements of users and data providers.
1. The Working Group on Calibration and Validation (WGCV) provides a focus for coordination
and cooperation in activities related to calibration and validation of Earth observations.
CEOS places great emphasis upon the communication between the providers of satellite Earth
observation data (the space agencies) and users of the data who are represented in CEOS by
the Affiliate agencies and which include agencies interested in global environmental research
and operational monitoring.
Integrated Global Observing Strategy
CEOS has embarked on an exciting initiative to link its activities involving coordination of the
space component for Earth observation with complementary observation programs.  The goal of
this initiative is to develop a comprehensive strategy for enhanced levels of support to scientific,
operational and research communities.  CEOS has embraced the concept of an Integrated
Global Observing Strategy (IGOS), primarily in fulfillment of its own set of objectives and to
derive greater benefit from both operating and planned observing systems, in support of an
increasing range of applications for understanding global processes.  Individual agencies, too,
are currently facing the most challenging budgetary environments that they have been exposed
to for many years.  Through working together, CEOS agencies are in a position to plan their
Earth observation projects with the minimum of unnecessary overlap and to devise joint strate-
gies for addressing serious gaps in their observation capabilities.  A critical part of the CEOS
approach is the conduct of a requirements analysis based upon specifications provided by user
and applications communities.  Through this process user requirements will help drive the
planning process for space missions.  Additionally, plans for space-based observation require-
ments are being integrated with complementary observation strategies, including in-situ mea-
surements.
On-line Services
CEOS agencies have sponsored the development of a number of on-line network data and
information services to promote awareness and education concerning satellite Earth observa-
tion, to facilitate access to information about the data available, and to maximize utilization of
that data worldwide.
The heart of the International Directory Network (IDN) consists of 3 coordinating nodes (main-
tained by NASA (USA), NASDA (Japan), and ESA (Europe)) which provide duplicate databases
of directory information on-line for open access.  Each coordinating node has a number of
regional cooperating nodes associated with it which provide a path for local users to access or
contribute to the IDN.  There are now a large number of such cooperating nodes throughout
each region.
The CEOS Infosys is an on-line information service, available via the Internet’s World Wide Web,
which provides comprehensive and up-to-date information on CEOS activities and also provides
an initial gateway to the many on-line services offered worldwide by CEOS agencies. The
Infosys is maintained on-line by ESA.  The URL for Infosys is http:\\ceos.esrin.esa.it\infosys.
Recognizing the need to provide users with access to Earth observation data which is as simple
and as comprehensive as possible, CEOS working groups have undertaken a number of experi-
ments on interoperability of on-line user services, such as catalogues and imagery browse
systems, with the vision of realizing a system which would enable simple access to data re-
sources held anywhere in the world.  Prototype services are already in place.
Data Exchange and Utilization
With a view to promoting maximum utilization of Earth observation data collected worldwide,
CEOS agencies have developed principles for the exchange of data in support of the key areas
of global change research and operational environment use for public benefit. The mechanisms
behind these principles are currently being tested in the context of the International Geosphere-
Biosphere Program (IGBP) through a pilot project to exchange high-resolution image data
between agencies.
Many other data exchange and utilization initiatives are underway in CEOS, including the
standardization of data product calibration and validation procedures; the development of glos-
saries of technical terms; the development of data format standards, and the improvement of
network connectivity.
Developing Countries and Remote Sensing
Background
The potential of satellites for making observations which would be helpful to developing coun-
tries was recognized from the early days of space exploration.  However, the means to make
valuable space-based observations were initially possessed by only a handful of industrially
advanced countries.  Fearing that the benefits of space applications, particularly those such as
Earth observation, would not be fairly distributed, developing countries used international fo-
rums like the United Nations to stimulate consideration of the specific needs of developing
countries in relation to space technologies and the concept of equity in relation to access to data
acquired by space-borne, Earth-observing instruments.
The UN established a standing body, the Committee on the Peaceful Uses of Outer Space
(COPUOS), with participation open to all UN members, to enable in-depth examination on these
matters. The United Nations Office of Outer Space Affairs (UNOOSA) provides the secretariat
for COPUOS, as well as services and facilities to the UN in respect of training and information
about peaceful space application.  UNOOSA participates in CEOS as an Affiliate.
Consideration of these important issues resulted in the systemization of important principles and
Treaties which have greatly contributed to the peaceful development and use of space and to
addressing of the needs of developing nations in particular.  For example, the 1966 UN Treaty on
Outer Space confirmed the notion that the use by humans of space should be in the interests of
all humanity, whether a country is space-faring or not, and it encouraged international coopera-
tion in space missions.  Of particular note are the 1986 UN Principles on Remote Sensing.
These principles were designed to explicitly address concerns of developing countries relative to
data access, technology transfer, and the encouragement of international cooperation.  In 1989,
the UN declared the 1990s to be the International Decade for Natural Disaster Reduction.
Subsequently, numerous regional and international activities have been directed at improving
the operation of natural hazard warning and amelioration programs.  Natural disaster warning
and mitigation are important, timely issues to most developing nations.  Also worthy of note is
“Agenda 21: Program of Action for Sustainable Development” adopted at the United Nations
Conference on Environment and Development (UNCED) at Rio de Janeiro in June 1992.  The
conference recognized the importance of new technologies such as remote sensing and geo-
graphic information systems, for systematically obtaining objective data on the state of the
environment.  The Conference concluded that data-collection activities such as satellite-based
remote sensing needed to be strengthened, and that these data should be analyzed, archived,
and applied to pressing problems of sustainable development.
The number of satellite missions dedicated to Earth observation has increased significantly over
the past decade and will further increase over the coming decade and beyond.  Data from these
missions offer the potential for contributing to the security of human existence on Earth in many
ways.  There are many examples of the value of space-based Earth observation data to devel-
opment issues of particular interest to developing countries in the areas of food production,
resource management, environment characterization and disaster warning and mitigation.
CEOS is committed to assist in raising awareness of the value of remote sensing data and
transferring knowledge about applications and benefits to developing countries.
CEOS Developing Country Initiatives
Agencies participating in CEOS are urged to use their influence, both within the framework of
CEOS and in their own individual activities, to ensure that efforts are maintained in support of
developing countries and are increased wherever possible.  In addition, the CEOS Working
Groups are advised to pay special attention to developing country initiatives, and coordination of
these initiatives among the Affiliates and with aid-to-development organization is encouraged.
CEOS developing countries activities have expanded greatly since 1994.  The CEOS Strategy
Toward Developing Countries was adopted at the Eighth Plenary in September 1994, and a
statement on developing countries in the Future CEOS Strategy was refined at the Ninth Ple-
nary in 1995.  In 1997, CEOS launched its Information Locator Service (CILS) for developing
countries.  CILS is a prototype electronic information service designed primarily to meet the
requirements of users of Earth observation and remote sensing data in developing countries.
CILS provides network-based means for users in developing countries to access information
about satellite Earth observation and enables them to enter, administer and share their data and
information.  CILS also contains information of special interest to developing countries and
provide relevant points of contact.
CEOS issued its first Annual Report on developing countries initiatives at the Eleventh Plenary
in 1997.  The Report is one initiative to implement the CEOS strategy with respect to developing
countries.  Primarily a vehicle to exchange views and information among CEOS participating
agencies, the Report is expected to promote discussion on the implementation of the CEOS
strategy and its relevance to drive practical actions.  It will also help in identifying opportunities
for new CEOS initiatives with developing countries.
CEOS CD-ROM
CEOS has also created a CD-ROM for use by developing countries and educators.  Launched in
1996 and re-released in 1997, this CD-ROM has three primary objectives:
• To help meet unsatisfied needs of developing countries for information about Earth observa-
tion applications, data sources, and future plans;
• To help teachers and students around the world in learning about the world through obser-
vations from space;
• To strengthen worldwide understanding of the social benefits of Earth observation by satel-
lite and of the efforts of international organizations such CEOS which attempt to make these
benefits both widespread and equitably shared.
The main sections of the CD-ROM contain instructional modules, case studies, data sets, and
lesson plans.
The CD-ROM is essentially a hands-on primer for users in developing countries and teachers
alike, providing history, information and tutorials about the physics of remote sensing, examples
of applications of Earth observation data, and links via the World Wide Web to ongoing activities
within CEOS participating agencies’ programs and data archives.
Modules
Module 1 is an overview introduction to remote sensing and contains a summary of Earth
observation trends and missions.  Module 2 is a university-level review of the fundamental
physics of remote sensing.  Module 3 covers the radiative properties of the atmosphere.  Module
4 is an introduction to remotely sensed data.  This module is comprehensive and deals with
principles which can be applied to any remote sensing image enhancement system. The module
covers the theoretical basis of remote  sensing, instrument operation, and the basic techniques
of image processing.  Module 5 explains the basic physical principles in remote sensing.  It is
very comparable to the second module but presented in a more synthesized fashion.  The last
module, 6, contains an introduction to space oceanography and related space altimetric observ-
ing systems.
Case Studies
The CD-ROM contains numerous case studies and examples of applications of Earth observa-
tion to various real-life situations and problems.  Students and users of the disk may select a
case study by location or topic (i.e., meteorology, oceanography and climate, geology, renewable
resource and environment, disaster mitigation,  non-renewable resources, planning and infra-
structure).
Many of the case studies contained on the disk give examples of application of space-based
Earth observation data.  One relevant example is natural disaster prediction and mitigation.
Developing countries are not alone in suffering the consequences of natural disasters.  However,
the poor communication, housing and transportation infrastructure often means that their popu-
lations suffer more severely.  Space technologies, as some of the case studies show, can play
an uniquely powerful part in avoiding serious loss of life in the face of natural disasters in devel-
oping regions.
Case studies on the disk explore how satellite observations can assist both developing and
developed countries in managing natural resources so that they meet not only present needs,
but those of following generations.
Data Sets
The disk contains data acquired from various international satellite instruments.  For each
instrument there is a pictorial representation of the data to demonstrate some of the image
processing tasks that may be performed on these types of data.
The data used to create the images in the data sets are also available on the CD-ROM.  Users
who also have access to image processing software can process these data themselves. The
data are available in a number of different formats which most commercially available image
processing packages can  handle.
Remote sensing for education
In many ways, teachers and students face similar problems to developing countries in obtaining
adequate access to this type of information.  High unit data prices, the specialized nature of the
technology, difficulty in locating specific data, complexities of copyright provisions, emphasis on
“leading edge” technology and research, and paucity of training material relating to readily
understood applications are all features which numerous international meetings pursuant to
developing country interests have noted as applying to remote sensing.  These same issues are
also cited by educators in developed as well as in developing countries, as standing in the way
of greater classroom use of the results of international efforts to explore space and the Earth’s
environments.
The CD-ROM contains suggested lesson plans and activities for use in the classroom.  It is
hoped that educators around the world will integrate space-based data into their lessons plans.
CEOS welcomes comments and feedback on the CD-ROM from teachers who have used it in
order to help improve its next version.
Building awareness
World annual expenditure on civilian meteorological and remote sensing satellites is about $US
2 billion (Euroconsult, 1994).  Much of this is budgeted by governments through public
interest programs - those which are intended to give basic services to meet current community
needs in health and safety; which are designed to protect the rights of future generations for
environmental security; and which help to strengthen research capacity which will help to further
improve quality of life and prosperity.
Space agencies, individually as well as collectively through organizations such as CEOS, are
deeply committed to public outreach and awareness building.  The CD-ROM is one CEOS
initiative in this regard.
Conclusion
CEOS coordinates internationally all civil spaceborne Earth observation missions.  Participating
agencies represent space programs and research organizations from around the world.  While a
primary goal of CEOS is to study our planet and how it’s changing, CEOS is also committed to
working with developing nations and to highlighting the value of space-based data about Earth
to their particular issues and needs.
The potential for social and economic benefits offered by space-based Earth observation data
arise from its unique capabilities. These include the ability to provide near real-time monitoring
of extensive areas of the Earth’s surface at relatively low cost, as well as the capability to focus
on particular land and sea surface features of interest to provide detailed, localized information.
In some applications, satellite data can offer an alternative source for data which could be
acquired by terrestrial or airborne surveying, but in a more timely and less expensive manner. In
others, the availability of satellite data can provide a unique solution, for example where other
techniques would be impractical.
Today, some applications of remote sensing data are rather mature, eg., in obtaining food from
the oceans and the land, in mineral and energy resource extraction, and in transportation man-
agement.  Benefits from these programs manifest themselves on a number of scales.  On a
global scale, the satellite coverage enables many applications to be directly relevant to interna-
tional issues such as sustainable development and future food security.  On a national scale,
Earth observation data provides information which enables better management and utilization of
resources and assessment and control the environmental impact of such utilization.  On the
scale of a single agency or company, applications such as the routing of ships, the laying of
pipes under the oceans, logging, etc. offer significant economic and social benefits.  In all cases,
remotely sensed data can assist developing countries in addressing economic development and
related issues of importance to them.
The CD-ROM developed by CEOS is intended to be one of many initiatives to demonstrate the
value of Earth observation data to developing countries and educators around the world.  By
increasing the awareness of Earth observation data and its applications, CEOS hopes to maxi-
mize the utilization of remote sensing data and its applications.
